Abstract. In order to know well the vibration law on influence of ground vibration on instrument support in gun firing process, a measuring method for the vibration response of the instrument support based on the principle of acceleration measurement is presented. The instrument support is arranged on the ground. When the gun fires, the acceleration response of the instrument support is measured. The vibration velocity and vibration displacement responses of the support can be obtained by the integral operation of the acceleration. The results show that when the gun fires with single shot and the period of the projectile in-bore motion, the vibration response of the instrument support caused by ground vibration is very small, and it can be ignored. When the projectile moves outside the bore, the ground vibration has a significant influence on the vibration of the instrument support. The vibration response of the instrument support in the range of muzzle shock wave is mainly caused by the muzzle shock wave.
Introduction
When the gun fires, it not only causes the strong vibration of the gun structure itself, but also causes the ground vibration. The vibration responses include the vibration responses of the muzzle, elevation part, rotating part and chassis, etc. The gun vibration not only affects the reliability of the gun work, but also affects the firing accuracy of the gun more. A general, when the gun vibration response is large, then firing accuracy is poor. In order to verify the effect of gun design, carry out fault diagnosis, and know the law of the gun vibration, the gun vibration measurement must be carried out. Therefore, the gun vibration measurement plays an important role in the development of gun weapons [1] .
Vibration measurement of gun structure is often carried out during gun firing. In most cases, measuring instruments are often arranged on the ground. The non-contact or contact method is used to detect the vibration response of gun structures. In the literature [2] , 3 aspects from measuring equipment, measuring environment and practice, the influences of high speed camera, optical lens, light transmission, vibration, light, photographic exposure time, coordinate calibration and other factors on the measuring errors are discussed. In view of the above factors, the methods of reducing errors are designed. After the projectile has been fired for 80 ms, the ground vibration caused by the gun firing is sensed by high-speed camera away from gun 30 m. In the literature [3] , the current measurement methods of projectile in-bore motion posture, including high-speed photography, laser optical lever method, etc., are described at home and abroad. The principle of measurement is that the laser outside the barrel beams the mirror in front of the gun. After the laser beam is reflected by the projectile head mirror, it is returned to the image screen on the ground by the original path. The laser spot displacement at the image screen is recorded by a high speed camera on the ground or a photoelectric detector, respectively. Thus, the bore posture of the projectile is obtained. In the literature [4] , a method of muzzle disturbance measurement based on photoelectric position sensor is proposed. The photoelectric position sensor is placed on the ground, and a flat mirror is fixed on the muzzle. In this way, the muzzle angular displacement of the gun during firing is obtained. From the literatures [5] [6] [7] , the high speed cameras are arranged on the ground, the projectile velocity and muzzle vibration displacement were measured, respectively. From the literatures [8] [9] [10] , based on the eddy current displacement sensor, photoelectric displacement follower, laser vibrometer and laser CCD displacement sensor, the measurement methods of muzzle displacement are described. The sensors are arranged on the ground, the muzzle vibration displacements are obtained by non-contact method.
Analysis of the above literatures shows that, when measuring the vibration responses of gun, the measuring instruments are often arranged on the ground, and the results obtained are the relative responses of the gun structure measurement point relative to the ground. The effects of ground vibration on the measuring instrument support are not mentioned in the above literatures. But gun designers are very concerned about the problem, because excessive ground vibration affects the accuracy of the measuring instrument. When the ground vibration laws are known, the error analysis of gun vibration measuring results can be correctly made, and he laws of gun vibration measurement are more reliable.
The course of gun firing can cause ground vibration, and the ground vibration will cause the vibration of the instrument support, the vibration of the instrument support will introduce the sensor output error. The ground vibration and instrument support vibration are inherent and cannot be avoided. When the instrument support vibration is very small, the measuring error introduced by it can be neglected. On the other hand, when the vibration of the instrument support is large, the measurement error introduced by it should be paid attention to. At present, when people carry out gun vibration response measurement, because the instrument support vibration laws are complex, and the error caused by ground vibration is sometimes acceptable, therefore, the vibration of instrument supports is not taken into consideration. It is considered that the vibration response of the instrument support is very small and can be neglected in the gun firing process. How about the actual situation? People have been asking the same question for years. But there is no sure answer at the moment.
In order to know the laws of ground vibration caused by gun firing, to provide an effective measuring data for error analysis based on instrument support vibration, in this paper, a measurement method of ground vibration response based on acceleration measuring principle is proposed. The instrument supports are arranged on the ground. When the gun fires, the acceleration response of the instrument support is measured. When the acceleration signal passes through the one or two signal integral operation, the vibration velocity and vibration displacement responses of the instrument support are obtained, and ground vibration laws are obtained by data analysis. Using the inertial measuring principle, the introducing measuring method errors again are avoided.
Measuring method
The large caliber artillery is chosen as the test object, as shown in Fig. 1 . On the right side of the gun, the point is chosen as the ground measuring point, the distance from point to muzzle is = 5 m, and the distance from point to tube is ℎ = 0.5 m. The coordinate system, , is set up with point as coordinate origin. The axis forward along firing direction, the axis is pointing left, with the right hand rule, the axis is pointing up. Place an instrument support at the point and press it with heavy weights. In the instrument support, the acceleration sensors are fixed along the , , directions respectively. The acceleration responses of the instrument support along the orthogonal 3 directions due to the ground vibration caused by the gun firing are measured. After integral operation, the velocity and displacement responses of the instrument support caused by ground vibration, in 3 directions, can be obtained.
In the measuring system, there are 3 acceleration sensors, its measurement range is 50 g, its measurement accuracy is 5 %. The voltage range of constant current source is ±5 V, its measurement accuracy is 0.5 %. The output voltage of data collector is ±10 V, its measurement accuracy is 0.5 %. The power required by the sensors is provided by the constant current source, the output signals of the sensors are recorded, stored and processed by the data collector. Fig. 2 is a measuring principle block diagram of the influence of ground vibration on the instrument support for gun vibration measurement. 
Measuring results
Large caliber gun is selected as the measuring object. Experimental research on the influence of ground vibration on the instrument support for the gun measurement is done. The acceleration sensors are fixed to the instrument support. In the direction of the , , axis, each of the axis is fixed with a sensor. The vibration responses of the instrument support due to ground vibration are measured by the sensors. The gun fires in single shot, at the same conditions, the firing process is repeated 5 shots. The vibration acceleration responses of the instrument support, caused by ground vibration, at points on the side of the gun, are measured. After integral operations to the acceleration signal are done, the vibration velocity response and the vibration displacement response of the instrument support are obtained.
Period of in-bore
The period of motion of the projectile in the tube is defined as the period of in-bore. The measuring results of the vibration acceleration, velocity and displacement responses of the instrument support, at the projectile exit time, are listed in Table 1 . Where, variables , , represent the acceleration, velocity, and displacement of the instrument, in the direction, respectively. The variables units are g, mm/s and μm, respectively. Meanings in the , direction have same representations like direction.
The measuring results show that, when selected the large caliber gun fires, in the period of in-bore and the projectile exit time, the statistical results of vibration response of instrument support caused by ground vibration, along the orthogonal 3 directions, are that the acceleration is less than 0.2 g, velocity is less than 4 mm/s, and displacement is less than 9.3 μm. Compared with the vibration response of the instrument support and the vibration response of the gun structure itself, the former is 2 or 3 orders of magnitude smaller than the latter. Therefore, at the moment of the projectile exit time, the vibration response of the instrument support is very small due to ground vibration. 
Period of out-bore
The period of motion of the projectile outside the bore is defined as the period of out-bore. When the projectile moves away from the bore, the projectile moves into the period of out-bore. After measuring, the measuring results of vibration acceleration response of instrument support during projectile motion outside the bore are obtained. Fig. 6 is a typical measuring curve of the vibration acceleration of the instrument support before and after the projectile exit time. Where indicates the projectile exit time, indicates, after the projectile goes out of the muzzle, the starting time of a sharp increase on acceleration, indicates the time of arrival of the muzzle shock wave at the instrument support. Fig. 7 is the typical measuring curves for vibration acceleration of the instrument support in the direction of the axis.
Analyzed acceleration response measuring curve of instrument support, the results show that, in view of the selected gun and location of measuring point, after 5.17 ms that the projectile left the muzzle, the acceleration response of the instrument support is obviously increased gradually. During the period that projectile has left the muzzle for 5.17 ms-9.48 ms, the maximum acceleration response of the instrument support is less than 10 g. After the projectile has leave the muzzle for 9.48 ms, under the action of the muzzle shock wave, the acceleration response of the instrument support increases rapidly, its value exceeds 50 g. The acceleration response of the instrument support in the range of muzzle shock wave is mainly caused by the muzzle shock wave, it is 10 times higher than that caused by the ground vibration excitation response. 2) When single firing and the projectile moves in the bore, the vibration response of the instrument support caused by ground vibration is very small and negligible. When the projectile is out of bore or the gun fires repeatedly, the ground vibration has important influence on the vibration of instrument support, and should be paid more attention to.
3) Compared with the ground vibration and the muzzle shock wave excitation, the vibration responses of the instrument support in the range of muzzle shock wave are mainly caused by the muzzle shock wave. The instrument support is closer to the muzzle, the more obvious the effect of the muzzle shock wave.
